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To think about astronomy education for the space age, it is necessary to first grasp the present state 
of popularization of astronomy.  Based on the recognition of its necessity, we implemented a survey 
in 2005 aiming to grasp the latest situation and changes in popularization of astronomy.  Based on 
analysis of the survey result and past implementation, we could clarify the indicators for curriculum 
preparation and education implementation in the field of astronomy within science education that is 
suited for the future age of space.  We could organize the indicators into seven proposals, which we 
are reporting below.
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   Remarkable progress of space science in the second half of the 20th century has presented a 
possibility that space will be a new activity base for humankind in the 21st century.  In order to 
realize the future image of arrival of this space age, instead of dreaming of it, it is necessary to 
prepare an educational curriculum for the children, on whom the fate of the space age rests, to deepen 
children’s curiosity and interest in astronomy and space and enable them to recognize space as a 
familiar existence.  From the perspective that cosmic space will be a new activity base for humankind 
and the future image of the arrival of the space age is to be realized, astronomy education is 
considered to be increasingly more important in the future.   
   On the other hand, in the actual field of education in Japan, degeneration of education is a concern, 
and parting from science has been pointed out in science education surrounding astronomy education, 
and its solution has yet to be found.
   As measures for the phenomenon of children’s shying away from science despite the progress of 
science and technology, hands-on activities and a submission of request to the Ministry of Education, 
Culture, Sports, Science and Technology have been conducted (Isobe et al., 1997).  Examples of 
hands-on activities by astronomy-related parties include the following:  Ginga Gakko, sponsored by a 
research institution (2003, Nishiura); Kimiten (4 days during which you become an astronomer, 
Muroi, et al., 2003); “Hoshi-no Gakko,” sponsored by a general popularization organization; Junior 
Session by the Astronomical Society of Japan (Yoshikawa, 2003); Internet Tenmondai, as a 
multifaceted approach that fully utilizes the Internet, etc. (Sato et al., 2003); Hands-on Universe 
(Kimura, 2003); and Live! Universe (Nagai et al., 2000; Okyudo et al., 2004).  Further, 
accompanying the revision of National Curriculum Standards, related symposiums have been actively 
conducted on topics such as “What will happen to astronomy education after strict selection of 
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subject contents resulting from the introduction of the five-school-day system,” at the annual 
meeting of the Astronomical Society of Japan (Takahashi et al., 1998), and on use of public 
astronomical observatories (Takahashi et al., 1997).  The Astronomical Society of Japan and the 
Society for Teaching and Popularization of Astronomy have repeatedly submitted requests to the 
Ministry of Education, Culture, Sports, Science and Technology and other agencies.
   In order to solve these issues in the actual field of education, and expand expectations toward the 
space age period accompanying the progress of science and technology, it is required to specifically 
propose and create educational methods and a curriculum suited for the space page (Yamasaki et al., 
ab, 2001), and promote actual class implementation (Takahashi, 2000; Furusawa, et al., 2005; 
Yamasaki, et al., 2006; Yamasaki, et al., 2007).
   Here, it is necessary to first grasp the present state of popularization of astronomy, in order to 
consider astronomy education for the space age. 
   Based on this recognition, a survey was conducted on the present state of popularization of 
astronomy, targeting elementary school children to college students, in 1983 (Takahashi, 1984).  
Furthermore, ten years later in 1994, a similar survey was conducted (Takahashi, 1998).  
   While considering the past tendency based on these prior surveys, this study aims to build the basics 
to prepare a curriculum and contribute to education implementation in the field of astronomy in 
science education that will be suited for the future space age.  Towards this end, we conducted a survey 
in 2005 aiming to grasp the latest situation in a manner consistent with prior surveys, and also to 
grasp changes in the past 20 years (Takahashi et al., 2005).
   We add knowledge obtained from the activities actually implemented as a prescription to fight the 
tendency of shying away from science, to the result of the recent survey, to depict the future image 
of astronomy education for the space age, and clarify the issues, etc., that exist in the field of science 
education in school.
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   The survey on the present state of 
astronomy education was conducted from 
February through March, 2005, targeting third 
graders of elementary schools to college students 
(college students included persons at age 19 to 
25).  The numbers of schools surveyed and survey 
subjects were respectively 20 and 1301, as shown 
in Table 1.  In order to restrict effects from 
regional differences, we surveyed a class per 
school in principle and as many schools as
 possible.  Further, we chose a school each in 
Tokyo and Chiba as an emphasized survey 
school and conducted a survey for each grade 
from third grade in elementary school to 
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third grade in junior high, and used the result as complementary data.  In addition, we surveyed 
elementary schools, junior high schools, and senior high schools in Fukushima prefecture to correct 
regional disparities.  
?????????????????????????????????    
   The ages of the survey subjects ranged from 9 (elementary school third graders who entered 
elementary school in fiscal 2002) to 22 (college senior students who entered elementary school in 
fiscal 1989).  During the period from 1989 to 2002, National Curriculum Standards were revised three 
times, and survey subjects of different age groups received different curricula.  In the 2002 revision, 
accompanying complete implementation of the five-school-day system and introduction of general 
study hours, the subject content was reduced by 30%.  Survey subjects received education according to 
the curricula based on these two revised National Curriculum Standards.  
?????????????????
   Questionnaires were distributed to respective schools, and the self-entry method was used in 
principle.  For elementary school third graders, however, after questionnaires were distributed, class 
teachers read aloud questionnaire items, and students entered answers for each item. 
??????????????????
   The survey content consisted of the following three:  survey on terminology regarding astronomy 
and space, survey on image regarding astronomy and space, and survey on experiences regarding 
astronomy and space.  
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   The result of the terminology survey indicated a tendency of students’ recognition on 150 terms 
that increased according to higher grades (developmental stages).  As for correlation of recognition 
on sets of ten items according to adjacent grades, the correlation coefficient on the items shown in 
Table 2 was low, and the correlation coefficient for the other items was high.  The items for which 
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Because the survey was conducted in March (around the end of the third semester), studies in each grade 
are considered to have been completed.
?????????
 Grades that show understanding and firm establishment (based on correlation coefficients of adjacent grades)
the correlation coefficient was especially low conformed to times of the study of science at school, so 
the reason for the low correlation coefficient is considered to be the learning effect.  As learning 
opportunities, various activities are conducted nationwide, in addition to school, and a considerable 
number of children and students are estimated to be participating in those activities.   However, the 
correlation coefficient is not low among other grades, so the effect of learning opportunities other 
than school, in its entirety, is limited.
   In other words, in order to improve recognition on astronomy and space and have events regarding 
astronomy and space firmly established among students, in considering astronomy education for the 
space age, it is necessary to presuppose implementation in “science” study at school.   
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   Regarding the terms for which recognition was 70% or higher, out of the 150 terms, it is considered 
that students in relevant grades have acquired the approximate concepts of the terms, are familiar 
with them, and consider them not as special terms but as general terms in school life and daily living.  
The ideal conceptual structure of junior high third graders who studied astronomy can be shown using 
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?????????  Junior high school third graders’ conceptual structure of astronomy and space
Drawing of the conceptual structure of children who showed 70% or higher understanding in the result of the 
term survey
???????????Junior high school third graders’ text design on astronomy and space
(From a junior high school “science” textbook)
these terms in the concept map, as in Figure 1.  The text design based on the concept extracted from 
relevant science textbooks is shown in Figure 2.  Comparison between students’ conceptual structure 
and the text design reveals that students’ curiosity and interest in astronomy and space go beyond the 
content of the astronomy field taught in science, and they have acquired widely ranging knowledge.
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   Changes in recognition, which were discerned from the term survey, do not necessarily indicate the 
course of growth of children in the same grade, as the result of recognition in each grade was 
accumulated.  Without significant change in a curriculum and educational environment, however, the 
difference in recognition is considered to be due to differences in developmental stages.  As such, a 
transition shown in the parallel plot, as in Figure 3, is estimated to occur.   
   Changes related to the 150 terms in developmental stages could be classified into nine types, as in 
Table 3.  A typical type of transition is shown in Figure 4.
   Opportunities to study astronomy and space according to the present National Curriculum Standards 
occur twice:  in the fourth grade of elementary school and the third grade of junior high school.
   As such, the transition region in which a significant change occurs in the level of understanding on 
terms occurs twice:  in the fourth grade of elementary school and the third grade of junior high 
school.
   During this period the level of understanding on many items improved, but there was only a small 
number of items whose concepts could be firmly established, with recognition after the transition 
region staying within 20% as with Type 1 or Type 3.  
   As for most items, recognition peaked in the transition regions of the fourth grade of elementary 
school and the third grade of junior high school as with Type 2 and Type 4, but recognition after that 
decreased by over 20%, indicating no establishment after study.
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?????????  Example of parallel plots (constellation)
150 terms were divided into 10 items, and a parallel plot was prepared for each item.
  Special terms that would be used only in the study of astronomy and space have been forgotten by 
the students.  As for terms related to daily living and study in other subjects, as well as interesting 
terms, however, remarkable establishment of recognition is seen.  
   In astronomy study, concepts such as space scale, time scale, and movement of viewpoint, which 
cannot be addressed in other units of science, can be built, so there is a strong tendency that 
establishment of knowledge does not occur without support after learning.  As such, it is required to 
set up periods and prepare carefully thought-out curricula for separate learning opportunities 
according to developmental stages, instead of just two opportunities of elementary school fourth 
grade and junior high school third grade.
3-4 Image survey
   Regarding the 15 items in the image survey, principal component analysis and multiple lineage 
regression analysis on each factor of the three principals were conducted, and the following tendency 
according to grade advancement was noted, as shown in Figure 5:  transition from the image of 
cosmology and human interest to the image that “space is difficult,” followed by the image of 
romance, dream, longing, and usefulness.  Then, as an example of the process of constructing an ideal 
image, we showed the process of constructing an image that the subject matters of romance, dream, 
and longing are cosmology and extraterrestrial life, and thinking about space is useful for humankind, 
so that the image makes students feel like traveling into space in the future, as in Figure 6.  We think 
it necessary to prepare an educational curriculum that realizes image construction in the process as 
mentioned above.  
?????????? Typical type of transition
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Nine types according to developmental stages
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   We showed the results of observation experience using an astronomical telescope in Figure 7.  The 
rate of children who had never made observations using an astronomical telescope has significantly 
decreased in the fifth grade of elementary school after studying astronomy in the fourth grade, and 
the rate of children who had used an astronomical telescope in an observation session at school is 
rapidly increasing.  This can be interpreted as a result of implementation of the new National 
Curriculum Standards.  Because the rate of an observation session conducted at school is 40%, 
however, this experience currently depends on home and social education facilities other than school.  
As such, it is necessary to aggressively tackle implementation of observation sessions, including 
conducting schools’ own observation sessions and inviting astronomical experts.
   Regarding the concept of the solar system, we showed the result in Figure 8.  In the final stage of 
junior high school third graders’ study in the astronomy field, half of the students know that the earth 
rotates around the sun, but their concepts regarding specific planetary movements and the solar 
system structure and composition are vague.  Further, about 2% of college students believe in the 
geocentric theory, and only about 68% accurately understands the structure of the heliocentric solar 
system.  It is necessary to actively promote the heliocentric solar system structure and view on the 
universe as scientific literacy from an early stage.
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   On June 8, 2004, an astronomical event called transit of Venus across the disk of the Sun could be 
observed in Japan.  Figure 9 shows the impressions of the same child who made a real-time 
observation using information technology by the Internet Tenmondai (Sato et al., 2003) and an 
actual observation using an astronomical telescope.  In the two different experience learning 
activities, the actual experience using an astronomical telescope was apparently more meaningful 
than the simulation experience (Takahashi et al., 2004).
   On June 21, 2001, a total solar eclipse was observed, in Africa.  A real-time relay broadcast of the 
solar eclipse (Agata, 2002; Okyudo, 2004) was conducted using the Internet at the observation site in 
Zambia and at five elementary schools in Japan, and effectiveness of study activities by distance 
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Figure 5.  
Conceptual diagram of the present image construction
Figure 6.  
Example of an ideal conceptual diagram for image construction
learning was verified (Takahashi et al., 2001; Takahashi et al., 2002 a b).  Regarding Figure 10, a 
comparison between the group of schools in which persons who are highly interested in astronomy 
were collected and the group of schools in which all the students participated, indicated a significant 
difference in the rate of correct answers before implementation of distance learning.  However, the 
difference between the two groups was reduced after implementation of distance learning, and the 
latter group showed a correct answer rate close to that of the former group consisting of students with 
strong interest.  We thus learned that even regarding events that are difficult to directly experience, 
the learning effect similar to that from direct experience can be expected by preparing a real-time 
educational tool with realistic appeal, as digital data.  
   The results of these experiments indicate actual experience is more meaningful than simulation 
experience.  Also, it was learned that even when direct experience is difficult in the educational field, 
learning effect similar to that from direct experience can be obtained by conveying the events that 
students are interested in and the latest information, using an educational tool with realistic appeal. 
??????????????????????????????????????????????????????????????????????????
   Based on analysis of the result of the survey on the present state of astronomy popularization, 
which was implemented in this study, characteristics and issues of the astronomy field in science 
?????????? Geocentric theory and heliocentric theory
??????????
 Comparison between actual experience and 
simulation experience 
???????????
Comparison of learning effects according to difference in groups 
?????????? 
Observation session using an astronomical telescope  
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education became clear, which gave suggestions regarding measures for the tendency of children 
shying away from science, a class plan in the astronomy field in science education, and guidelines and 
improvement methods on astronomy and space education in revision of the National Curriculum 
Standards.
    Based on the results from this study and the results of the past experiments, we could organize the 
formula to fight the tendency of shying away from science, in astronomy education for the space age, 
into the following seven proposals, aiming to materialize them.  
?????????????Review of science education as astronomy education for the space age
In order to have students maintain the level of understanding on astronomy and space, in considering 
astronomy education for the space age, we have to presuppose implementation of learning activities 
in the subject of “science” at school.
????????? ??? Curriculum preparation and class implementation with emphasis on curiosity and 
interest
We can classify the directionality of curiosity and interest into the following two:  a holistic aspect 
connected to real society and daily living, and an approach toward the space age, such as cosmology 
and space development.  We must tackle curriculum preparation and class implementation with 
emphasis on children’s and students’ curiosity and interest, according to developmental stages, also 
aiming to enhance their enthusiasm in learning.
?????????????Review of learning periods and preparation of carefully thought-out curriculum
Concepts such as space scale, time scale, and movement of viewpoint, which are addressed in 
astronomy study, involve advanced elements that are difficult to address in other units of science.  
These concepts are hard to be firmly established without support after being learned.  As in the 
present curriculum, two learning opportunities – which currently include elementary school fourth 
graders and junior high school third graders – are limited to only providing knowledge and are 
insufficient for concept construction.  
It is required to divide learning opportunities to several occasions according to developmental stages, 
and prepare a continual and carefully thought-out curriculum.
????????? ????Curriculum preparation and class implementation for building an image for increasing 
expectations for space
We must prepare a curriculum to increase expectations for space and build an ideal image of space 
without a sense of riskiness.
?????????????Forwarding of the latest topics and information and use of authentic resources
Schools must forward information to students by promptly obtaining the latest information on 
astronomy and space and conducting astronomic sessions in the school field, and also aggressively use 
authentic resources.
??????????????????????????????????????????????????????
?????????????Curriculum preparation and class implementation with scientific literacy as a premise
Recognizing that the solar system structure is one of the concepts that serve as a basis of scientific 
literacy, we must consider study content and handle the content based on the view of space. 
?????????????Emphasis on direct experience and simulation experience
We must promote implementation of astronomical observation sessions, etc., in emphasizing actual 
experience.  Even the phenomena and events that are difficult to actually experience have to be 
aggressively incorporated in the education content, according to class plans with realistic appeal that 
use distance learning techniques via the Internet, etc.
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